Foreword
The development of liberalized electricity markets around the world is, partly, an experiment of applied market theory with uncertain outcome. For this new paradigm to benefit customers thru efficient supply of electricity, we need increased and better knowledge on how competitive electricity markets really work and how to solve the problems that might occur.
One crucial issue that has caught attention in later years is that customers' willingness to pay for security of supply should not only be addressed by the distribution companies in their investment and maintenance plans, but also incorporated in the economic regulation of the entities. This study was completed in 2004 and contributes to Sweden's internal process largely by setting a new target for network performance. It is our hope and belief that this study also can benefit other countries and markets in their striving to correctly integrate customers' valuations in the regulation of distribution monopolies.
The study presented in this report was carried out by Fredrik Carlsson and Peter Martinsson at Handelshögskolan (School of Business) in Gothenburg with support from Elforsk's Market Design-program. This study covers the domestic customers. In the fall of 2005 the part of the study focused on business customers will be presented. 
Introduction
At a first glance, power outages for households in a developed country such as Sweden might seem to be a small problem since the outages that households experience are both few in numbers and short in duration. 1 However, households have over the years become more and more dependent on electricity because of an increased use of electronic items and because people work from their homes to a larger extent than before.
In 1996, the reformation of the Swedish electricity market began when the electricity sector changed from being a completely regulated domestic market to a now completely liberalized Nordic-wide market with the major exception being the transmission of electricity. One part of the electricity bill paid by households relates to the tariff for the transmission of electricity, and the level of the tariff is determined by the network companies, since there is no market for the transmission of electricity. However, the tariffs charged by the network companies have to be "reasonable" according to Swedish Law, and in order to judge whether or not the tariff charged is reasonable, the so-called network performance assessment model has been developed. In this model, the actual tariffs charged are divided by the calculated value of the services from the network performance assessment model. If the obtained ratio exceeds unity, then the network company has charged more than the value of the services provided to its customers and vice versa. In cases when the network companies have over-charged their customers, they have had to pay back the same amount to their customers.
In the aftermath of the electricity market liberalization, there are also concerns that power outages will increase. The experiences from the deregulation of the electricity market in many of the states in the USA during the last 10 years have shown that it is not evident that the number of outages will remain at a low level. Instead it seems that the deregulation per se in connection with congested transmission grids, have resulted in an increased number of outages and blackouts in the USA (Faruqui et al., 2001; Joskow, 2001) . Moreover, more extreme weather conditions such as hurricanes are also to be blamed for the increased number of outages. Since the reform of the electricity market in Sweden, there has been a closure of reserve capacity as a response to reduce costs (Svenska Kraftnät, 2002) .
Given the liberalization, more extreme weather conditions and an increased dependence on electricity, it is of importance for the regulators to obtain information about households' welfare losses from power outages, not the least to facilitate a proper design of the performance-based regulation model. In this paper we report the results of a contingent valuation study that aims at estimating the willingness to pay (WTP) among Swedish households for the reduction of power outages with various 1 Swedish households located in populated areas experienced an average of 0.08 planned power outages per year and 0.39 unplanned power outages per year during the 1998-2001 period with an average duration of 12 and 23 minutes, respectively (Svenska Kraftnät, 2002) . The corresponding figures for households in sparsely populated areas of Sweden are 0.60 planned and 1.54 unplanned power outages per year with average durations of 83 and 203 minutes, respectively. characteristics, such as the duration and whether the outage is known beforehand or not. In the study respondents are asked to state their WTP for avoiding nine different types of outages. There are therefore two important econometric issues that need to be addressed in the analysis. We obtain several responses from each individual, which means that there is a cross-sectional heterogeneity, and thus a standard OLS would result in inefficient parameter estimates. In addition, there is a possibility of stating zero WTP in the survey, so we also need to consider the censoring aspect when analyzing the responses. In the econometric analyses we apply a random parameter panel Tobit model to consider both the issue of zero WTP and cross-sectional heterogeneity. Estimation of this type of model is complex since it involves calculation of high-dimensional probability integrals (Moeltner and Layton, 2002) . However, a development of simulation methods has occurred over the few last years, making it easier to estimate this type of model.
In the next section we discuss different approaches that have been used to measure the cost of power outages followed by a description of the design of our survey and of the econometric approach used in the estimations. Section 3 contains a presentation of the results and a comparison of our results with previous findings. The final section concludes the paper.
The Contingent Valuation Study
There are in principle three different approaches that can be used to measure the cost of power outages to households. The first approach involves directly asking households to specify their costs for various types of outages (see for example Wacker et al., 1985; Doane et al., 1988a; SINTEF, 2003) . The second is to study the actual behavior of households in terms of investments aiming at mitigating power outages. The third is to either directly or indirectly asking the households about their WTP to avoid power outages by using a stated preference approach (see e.g. Beenstock et al., 1998; Doane et al., 1988b; Layton and Moeltner, 2004; Svenska Elverksföreningen, 1994) . There are clearly pros and cons of either asking for the costs of outages or of avoiding outages, or of asking for the WTP of avoiding outages. The main difference between the approaches is that it is only the latter that considers all welfare effects by including nonmarket effects. For example, individuals may not be able to watch their favorite programs on TV or to cook during an outage. While these negative effects do not have direct monetary effects, they do clearly impact people's welfare. An example of direct monetary effects would be that food will be spoiled if the freezer stops working.
It is of course cognitively more demanding for the respondents to state the welfare effects in terms of WTP rather than reporting the actual monetary cost caused by a power outage. Since we expect that a large impact on households' welfare from outages relates to non-market effects, we apply a contingent valuation survey. In a contingent valuation survey, which is the most commonly applied of the stated preference methods, each respondent is asked about his/her WTP for a certain scenario. There are several ways in which the question about the respondent's WTP can be posed, but let's here only distinguish between open-ended and closed-ended formats. With an open-ended format, respondents are asked to state their maximum WTP, while with a closed-ended format, respondents answer whether or not their WTP is equal to or higher than a certain proposed bid. There are pros and cons with both of these formats and in this paper we have chosen to use the open-ended format.
Using a closed-ended design would be more difficult, although not impossible, since we would have to introduce a bid for each outage reduction presented to the respondent. Other reasons for choosing an open-ended format are that the informational content of each response is higher compared with a closed-ended format, and that we avoid respondents anchoring their answers on a certain bid level. At the same time, there are criticisms against the open-ended format, in particular relating to the problems of incentive compatibility (Carson et al., 2000) and that it does not resemble an actual purchase decision, i.e. we do not state our maximum WTP for a good when we go shopping. The general tendency that has been found in the literature is that the openended format results in lower WTP estimates than the closed-ended format; see for example Brown et al. (1996) and Kriström (1993) . Furthermore, there are experimental results showing that the hypothetical bias -the bias introduced by asking a hypothetical question and not confronting the respondent with a real situation -is not higher, or even lower, for the open-ended format compared with the closed-ended format (List and Gallet, 2001; Baliestreri et al., 2001 ).
In the survey, the respondents were asked to state their maximum WTP for avoiding one power outage of a certain duration starting at 6 pm on an evening in January. This scenario was chosen because the previous study conducted in Sweden on power outages in 1992 used this scenario (Svenska Elverksföreningen, 1994) , but also because this scenario represents a worst case. In the contingent valuation survey, we included both planned and unplanned outages with durations of 1, 4 and 8 hours, which also correspond to the durations examined in the previous Swedish outage cost study. In addition, we were also interested in examining the WTP for very long power outages and therefore a 24 hour outage was included. For unplanned outages we also included a valuation question asking for the maximum WTP when there is uncertainty about the duration of the outage in the 2 to 6 hours range. It was clearly stated that the probability that the duration of the power outage would last 2 hours, 6 hours, or any duration inbetween, was the same. In fact, this is how most unplanned outages are perceived and therefore it is of interest to see if the case of uncertainty, with an average duration of 4 hours, results in a higher WTP compared with a definite 4 hour outage.
The scenario and the contingent valuation questions are presented below in Figure 1 . The respondents were explicitly told that for each valuation question they should answer how much their household would be willing to pay in order to avoid one power outage with the characteristics mentioned in the question.
We will now ask some questions regarding your household's willingness to avoid power outages. Imagine that there is a service with a backup electricity board that can be used in the case of a power outage. This electricity board would cover the households' need for electricity during the whole outage. You will only pay to the power company if an outage occurs. If you do not want to pay anything, your household will suffer from power outages. There are two types of outages, and we will ask you questions for both of these: -Planned outage: An outage that you have been notified in advance about. -Unplanned outage: An outage that comes as a surprise and that you have not been notified in advance about.
Imagine that an outage occurs on an evening in January and that it starts at 6 pm. For each question we ask you to answer how much your household would be willing to pay in order to avoid this outage by connection to the service. We ask you to consider your answers as carefully as possible and to remember that it is possible to answer zero kronor as well.
Planned outages
How much would your household be willing to pay in order to avoid a power outage that starts at 6 pm on an evening in January? You know in advance that the outage will occur. We ask you to answer all 4 questions below.
Duration of outage
I'm willing to pay (round off to whole numbers) Question 1 1 hour SEK Question 2 4 hour SEK Question 3 8 hour SEK Question 4 24 hour SEK Unplanned outages How much would your household be willing to pay in order to avoid a power outage that starts at 6 pm on an evening in January? You do not know in advance that the outage will occur. We ask you to answer all 5 questions below.
I'm willing to pay (round off to whole numbers) Question 5 1 hour SEK Question 6 4 hours SEK Question 7 8 hours SEK Question 8 24 hours SEK Question 9 Between 2 and 6 hours. It is equally likely that the power returns after 2 hours as after 6 hours, or any time in between. There are a number of econometric challenges to be addressed when analyzing the responses. First of all, for each valuation question there are a number of "zero" responses, i.e. respondents stating a zero WTP. These responses should, without any further information, be treated as true zeros since we can not rule out a WTP equal to zero. Second, the data have a panel-structure since we observe the WTP for a household for a number of different cases of power outages. Although the characteristics of the power outages vary, it is likely that there will be cross-sectional heterogeneity. For example, an individual who has a relatively high WTP for a short outage compared with others is also likely to have a relatively high WTP for a longer outage, and similarly an individual who has a zero WTP for a certain outage is more likely to have a zero WTP for another outage. In order to consider both zero WTP and cross-sectional heterogeneity, we apply the following general censored model: . These respondent deviations are assumed to be normally distributed with mean zero and a standard deviation. Consequently, for the parameters that are randomly distributed, we estimate both a mean and a standard deviation parameter. The standard deviation parameter is then assumed to capture unobserved preference heterogeneity. We assume that the randomly distributed parameters are constant across the valuation questions for each respondent. This reflects an underlying assumption of stable preference structure for each respondent when answering the set of valuation questions. In addition, we assume that the intercept is randomly distributed, which is the equivalent of a random effects panel data model. Estimation of this type of model is difficult in the sense that the likelihood function involves evaluation of highdimensional multivariate integrals, which in turn means that we have to rely on simulation methods for the probabilities (Train, 2003) .
SEK
The final questionnaire consisted of three parts. The first part contained questions about the households' housing considerations, to what extent they rely on electricity and their general views on power outages. The second part consisted of the contingent valuation survey and the last part contained socio-economic questions. The questionnaire was developed in collaboration with representatives from various power companies and experiences power outage researchers. Before the questionnaire was finalized, it was tested in smaller focus groups followed by a large pilot study mailed to 1,000 individuals.
Results
Our sample was randomly drawn from a register containing all individuals between the ages of 18 and 75 years with a permanent address in Sweden. The survey was sent out to 3,000 randomly selected individuals in 2004. Of these, 19 were returned because of address unknown. 3 In total, 1,678 (56%) individuals returned the questionnaire. However, not all of them answered all nine contingent valuation questions and we excluded all individuals who answered less than three of the valuation questions. Since there is a rather large share of zero responses and most respondents stated a rather low WTP, the mean WTP is very sensitive to a few extreme responses. In addition, there are a number of non-responses to various other questions, resulting in 1,488 responses available for the analyses. Before the valuation questions, the respondents were asked to rate how unpleasant a number of effects from a power outage in January would be for them. According to the respondents, the most unpleasant effects would be falling indoor temperatures and refrigerators and freezers not working. This was followed by not being able to cook and not having any light. The least important effects were: not to be able to use the computer and that the risk of accidents would increase. Thus, this shows that several of the negative effects caused by power outages are related to non-monetary effects. 3 10 days after the questionnaire was sent out, a reminder was sent out including a copy of the questionnaire. 4 Comparing the sample statistics with Swedish population statistics shows no statistical difference at the 5% level related to gender composition (p-value=0.28) and to the geographical representation of the respondents (p-value=0.90), where the latter was based on dividing the country into ten parts based on the postal code. However, there is a significant overrepresentation of older people (95% confidence interval of age is 47.11-48.55 in our sample while the average age in the Swedish population aged 18-75 years is 44.88) (SCB, 2004) . 5 The exchange rate at the time of the survey was 1 USD = 7.5 SEK.
Below in
The results are expected and consistent in the sense that the mean WTP increases and the share of zero WTP decreases when the duration of the power outage increases. In case of a planned outage, the WTP to avoid one outage increases from 6.30 SEK for a one hour duration to 189.25 SEK for a 24 hour outage, while the corresponding figures for unplanned outages are 9.39 SEK and 223.01 SEK, respectively. Furthermore, the WTP is higher for unplanned outages compared with planned outages.
Our design also makes it possible to study the impact on WTP of uncertainty about the duration of the power outage in the range 2 to 6 hours with equal probability of ending at any time during this period. The expected duration in the uncertainty case is 4 hours and the WTP is 68.80 SEK. This figure should be compared with the WTP of 37.32 SEK for an unplanned outage that ends for sure after exactly 4 hours. Thus, the WTP is almost twice as high in the case of uncertainty. This suggests that respondents put a high value on avoiding uncertainty.
One interesting finding from the stated WTP is that a large share of the respondents stated a zero WTP. This in turn means that the distribution of the WTP in the sample is skewed and that the median is much lower than the mean, and that for many of the outage durations the median WTP is zero. 6 One can perhaps argue that the share of respondents with zero WTP is too high. Two possible explanations for the high share are that these respondents are protesting either against the scenario itself or against the principle that they should pay for something that they feel they are entitled to. The latter was something that was expressed both in focus groups and in written comments in the questionnaire. However, it should be stressed that elicitation of preferences is always done in a context; in our case the context is that the customer should pay for a reduction in the number of outages. Since this is the typical scenario presented in the valuation studies on power outages our results are still comparable to other studies.
It is also of interest to compare our results with the results from the most recent Swedish outage study (Svenska Elverksföreningen, 1994) . This study was conducted in 1992 and it also applied an open-ended CV study with a scenario very similar to ours. There is one important difference: in our case the outage is stated to start at 6pm, while in the previous study during the afternoon. In order to make comparison simpler, the results from both studies are expressed in 2003 prices. Let us turn to the econometric analysis of the determinants of the WTP for avoiding power outages. The descriptive statistics of the sample are presented in Table 3 below. Since there are reasons to believe that the WTP for a certain duration is different for planned and unplanned outages, we estimate a WTP function that allows for differences in valuation between these two cases of outages. Furthermore, both the WTP and the independent continuous variables are in log-form. 8 In addition, we treat the WTP for 24 hour outages separately by including a dummy variable for this outage and setting the duration variable to zero. This is done because we expect that a long outage is perceived differently than shorter outages. The intercept and the four outage duration coefficients are assumed to be normally distributed. All models are estimated using simulated 7 At the same time, the mean WTP estimtates in the Norwegian study are much higher than the mean WTP estimates in our study. We can also compare our mean estimates with various US studies. Layton and Moeltner (2004) report and compare results from various US studies and our estimates of mean WTP for an outage is much lower than these estimates obtained in these US studies. For example, Layton and Moeltner find a mean WTP of almost 300 SEK for an unplanned 8 hour outage. This is almost 3 times as high as our estimated mean WTP. 8 As discussed by Moeltner and Layton (2002) , it is common in the literature to assume that both WTP and duration are in log-form. The main reason is that it implies a concave and monotonically increasing relationship between WTP and duration. Since there are a number of observations with zero WTP, we actually recode the WTP values before the log-tranformation by adding the value 1 to all observations. The dependent variable will then become maximum likelihood with 250 Halton draws, and the results are presented in Table 4 below. The duration parameters, both for unplanned and planned outages are significant and the uncertainty duration parameter is significant as well. These findings are in line with the descriptive statistics presented in Table 1 . The standard deviations are significant except for the duration of planned outages, although they are relatively small compared with the mean parameters. Thus, we are able to capture unobserved heterogeneity in terms of a general difference in the WTP for power outages among the respondents but also for differences in terms of the WTP for various cases of power outages.
10
If we look at observed heterogeneity, there are some interesting findings. The uncertainty about the duration of the outages results in a higher WTP, which clearly shows that information about the expected length of a power outage is very important for the households. In reality, the durations of planned outages are in most cases known, but for unplanned ones they are not. Thus, this would then mean that the "true" WTP to reduce an unplanned power outage of the durations presented is higher since the duration in reality is uncertain (or unknown). Respondents who do not live in a larger city have significantly lower WTP.
One interpretation of this result is that those who live outside larger cities are likely to suffer more frequently from outages and thus are more used to outages and hence better prepared for them. Respondents who live in detached or terraced houses are willing to pay more than others, and if there is no possibility of heating the house during a power outage, the WTP is also significantly higher. Older respondents have lower WTPs and female respondents also have lower WTPs. The income elasticity for WTP is around 0.2 (not shown in table) which means that a 10% increase in income increases the WTP by 2%. 11 Note, however, that this is the income elasticity for WTP and not for demand.
It can be shown that under certain restrictions, the income elasticity of WTP is always lower than the demand elasticity (Carson et al., 2001) . Furthermore, the income elasticity of WTP is comparable with those obtained in other Swedish WTP studies on e.g. improvements of air quality (Carlsson and Johansson-Stenman, 1999 ) and reduction of transport risks (Carlsson et al., 2004) . Overall, what mainly seems to drive the WTP of an outage is its duration, while the other significant variables have a relatively small marginal effect on the WTP.
Based on the estimated WTP function, we calculate the predicted WTP for outages of different durations using the estimated relationship between the WTP and outage duration, and this is done using sample means for all the other variables in the WTP functions. We calculate the predicted WTP for durations between 1 and 8 hours. In order to calculate predicted WTP, we first need to convert the expected latent log WTP into expected censored log WTP, or in other words, we need to calculate the first moment of the censored normal variable log WTP (Greene, 2002) . Then we convert the log WTP into absolute WTP. Note that we cannot simply take the exponent of the expected log WTP since that would result in a log-transformation bias (Goldberger, 1968) .
Several transformation procedures have been suggested in the literature (see e.g. Stynes et al., 1986) . In our case we follow Moeltner and Layton (2002) and Woo and Train (1988) by multiplying the expected log WTP with a transformation term that is based on the actual observations of the WTP. The transformation term that we use is the ratio between the actual WTP and the exponent of the expected log WTP. For durations that we do not observe, we make a simple linear interpolation between the observed points of the transformation term. This means that for the durations 1, 4 and 8 hours the expected WTP is equal to the observed WTP.
The results of these calculations are presented in Table 5 , where we also have included the 95% confidence interval. 12 For all durations, mean WTP is significantly different between planned and unplanned outages at a 10% level. 
Conclusions
The liberalization of the electricity market, the development of new regulation tools, and increased dependence on electricity are all factors that point to the importance of studying the welfare effects of power outages. The contingent valuation study that we have undertaken reveals some interesting information about the WTP among Swedish households to avoid power outages. First of all, the inflation adjusted WTP to avoid a power outage has increased compared to the previous Swedish study. From an international perspective the WTP to avoid power outages seems to be substantially lower than the corresponding estimates in similar countries such as Norway and the US.
There is a significant difference in WTP for planned and unplanned outages. The uncertainty about the duration of the outages is also an important determinant of the WTP, and this clearly points to the fact that information about the expected length of an outage is very important for households. This in turn means that the true values for unplanned outages are probably higher. Using a random parameter Tobit model, we estimate WTP functions for planned and unplanned outages. We find that the WTP varies significantly in the population. Respondents defined by for example age, geographic location, income, gender and type of housing have different WTPs for outages.
In summary, our results point to a large heterogeneity in WTP for outages, where for example 90% of the households were not willing to pay anything to avoid a one hour planned power outage. Moreover, our results show that it is important that the network performance assessment model considers the differences between planned and unplanned outages.
